A r t i c l e s
Lung and airway epithelial cells generated from human pluripotent stem cells (either embryonic stem cells (ESCs) or induced pluripotent stem cells (iPSCs)) would have multiple applications, including recellularization of decellularized lung scaffolds to provide an autologous graft for transplantation, study of human lung development, modeling of diseases that primarily affect airway epithelial cells and drug screening 1 . Trachea and bronchi are lined by a pseudostratified epithelium. The alveoli consist of alveolar epithelial type I (ATI) cells, which are essential for gas exchange, and alveolar epithelial type I (ATII) cells, which produce surfactant, critical for the maintenance of alveolar integrity 2 . The respiratory system is derived from lung buds on the anterior ventral aspect of the definitive endoderm, which grow and branch in a stereotyped pattern driven by renewing progenitors on the tips 3, 4 . Directed differentiation of PSCs into pulmonary tissue should therefore proceed by first differentiating into definitive endoderm, followed by ventral anterior foregut endoderm and specification of lung and airway lineages.
We have previously demonstrated that anterior foregut endoderm can be generated from hPSCs by exposing Activin A-induced definitive endoderm to dual transforming growth factor (TGF)-β and bone morphogenic protein (BMP) inhibition 5 . The anterior foregut endoderm cells could be partially specified toward a putative lung bud fate, as suggested by expression of the lung marker NKX2.1. However, the fraction of NKX2.1 + FOXA2 + cells was <40%, and expression of specific markers of lung and airway epithelial cells was not detected. A recent report described differentiation of hPSCs to lung progenitors at low efficiency; only a few percent of NKX2.1 + p63 + putative airway progenitors was obtained, and the cells did not express markers of mature airway epithelial cells 6 . In mouse studies 7 , a NKX2.1:GFP reporter ESC line was used to isolate NKX2.1 + cells after differentiation into anterior foregut endoderm by a strategy similar to our previously published protocol 5 . The cells were committed to a lung and thyroid fate, and amenable to further differentiation, although expression of markers of ATI and ATII cells remained sporadic 7 . Wong et al. 8 showed differentiation of hPSCs into proximal airway cells expressing cystic fibrosis transmembrane conductance regulator (CFTR). However, the efficiency of this protocol is unclear, and generation of distal lung epithelial cells was not documented at the protein or functional level.
Here we describe a strategy to achieve high yields of progenitor cells committed to a lung fate and to differentiate these in vivo and in vitro into functional respiratory epithelial cells. The cells expressed markers of at least six types of lung and airway epithelial lineages and were particularly enriched in distal ATII cells capable of surfactant protein-B (SP-B) uptake and release. Notably, a high degree of similarity in terms of marker expression was observed between in vitrodifferentiated hPSC-derived cells and cultured fetal human lung, and between in vivo-differentiated hPSC-derived lung progenitor cells and adult human lung.
RESULTS

Induction of highly enriched lung and airway progenitors
We have previously shown that definitive endoderm, induced using established protocols [9] [10] [11] [12] , can generate anterior foregut endoderm (FOXA2 + SOX2 + CDX2 − ) when BMP and TGF-β signaling are inhibited 5 The ability to generate lung and airway epithelial cells from human pluripotent stem cells (hPSCs) would have applications in regenerative medicine, modeling of lung disease, drug screening and studies of human lung development. We have established, based on developmental paradigms, a highly efficient method for directed differentiation of hPSCs into lung and airway epithelial cells. Long-term differentiation of hPSCs in vivo and in vitro yielded basal, goblet, Clara, ciliated, type I and type II alveolar epithelial cells. The type II alveolar epithelial cells were capable of surfactant protein-B uptake and stimulated surfactant release, providing evidence of specific function. Inhibiting or removing retinoic acid, Wnt and BMP-agonists to signaling pathways critical for early lung development in the mouse-recapitulated defects in corresponding genetic mouse knockouts. As this protocol generates most cell types of the respiratory system, it may be useful for deriving patient-specific therapeutic cells.
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produced Wnts by blocking porcupine-mediated Wnt palmitoylation 24 . The cells were then cultured until day 15 in the presence of the ventralization factors CHIR99021 (a small-molecule glycogen synthase kinase inhibitor that mimics Wnt signaling) 25 , FGF10, KGF, BMP4 and retinoic acid (a condition designated CFKB + RA) (Fig. 1a) . Compared to continuous supplementation of DSM/SB431542 only, supplementation of DSM/SB431542 from days 4.5-5.5, followed by SB431542/IWP2 from days 5.5-6.5, significantly increased the fraction of FOXA2 + NKX2.1 + cells (from 51.2 ± 1.6% to 70.1 ± 1.2%, P = 0.004, n = 3) and of NKX2.1 mRNA (Fig. 1a) at day 15. Reversing the DSM/SB431542 before SB431542/IWP2 sequence to SB431542/ IWP2 before DSM/SB431542 or using SB431542/IWP2 alone was detrimental to NKX2.1 protein expression (22.0 ± 4.8% and 18.8 ± 5.0% FOXA2 + NKX2.1 + cells, respectively) and mRNA expression (Fig. 1a) . These data suggest that the way anterior foregut endoderm is induced determines its subsequent lung potential. keratinocyte growth factor (KGF), BMP4 and retinoic acid [13] [14] [15] [16] [17] [18] factors involved in dorsoventral patterning of the anterior foregut endoderm and lung bud specification-yielded cultures containing FOXA2 + NKX2.1 + cells that corresponded to the lung field (progenitors) of the anterior foregut endoderm 5 . However, the enrichment in FOXA2 + NKX2.1 + cells never exceeded 35-40%, and specific lung and airway epithelial cell markers were absent.
To improve lung field specification efficiency from anterior foregut endoderm we first refined the anterior foregut endoderm induction approach. In the mouse embryo, definitive endoderm cells fated to become anterior foregut endoderm pass through a zone where the Nodal/Activin inhibitor Lefty and the BMP4 inhibitor Noggin are expressed 19, 20 , likely explaining why blocking TGF-β and BMP signaling is required for anterior foregut endoderm specification. Subsequently, the cells are exposed to the Wnt inhibitor, Dkk1 (ref. 21) . Indeed, in the present study, we found that sequential inhibition of these pathways after definitive endoderm induction yielded efficient lung field induction. We first exposed ESC-derived definitive endoderm to small-molecule signaling inhibitors, including dorsomorphin (DSM) 22 , which inhibits BMP; SB431542 (ref. 23 ), which inhibits TGF-β; and IWP2, which inhibits endogenously npg A r t i c l e s
We further modified this protocol by optimizing the timing of dissociation of definitive endoderm (day 4, Supplementary  Fig. 1a ) and the concentration of retinoic acid in the ventralization stage (50-100 nM, Supplementary Fig. 1b) . These manipulations resulted in cultures in which 95.7 ± 3.2% of the cells were FOXA2 + and 86.4 ± 1.7% were FOXA2 + NKX2.1 + (n = 3 independent experiments, ten 10× fields quantified per experiment) (Fig. 1b,c) . Expression of NKX2.1 mRNA was 3,170-fold ± 120-fold higher compared to that in liver-specified cells and >60,000-fold higher than that in definitive endoderm (day 4 in our protocol). However, the efficiency of lung progenitor induction was lower in two iPSC lines generated by Sendai virus (sv) 26 (sviPSC; FOXA2 + : 87.3 ± 4.4%; FOXA2 + NKX2.1 + : 37.0 ± 1.6%) and mRNA transfection 27 (mRNA iPSC; FOXA2 + : 69 ± 2.7%; NKX2.1 + FOXA2 + : 36.1 ± 4.3%), respectively ( Supplementary Fig. 2) . Notably, the optimal definitive endoderm dissociation time point in both iPSC lines was days 4.5-5 (data not shown).
At day 15 of the culture, no markers of mature lung or airway epithelial cells were detected by immunofluorescence (Supplementary Fig. 3a ; positive staining controls using adult human lung, Supplementary  Fig. 3b ). Furthermore, qPCR ( Supplementary Fig. 4 ) or immunofluorescence (data not shown) evidence for differentiation into the thyroid (expression of PAX8, TG, TSHR), which also expresses NKX2. 1 (refs. 7,28) , was absent. However, other types of contaminating cells were present, and these varied depending on the cell lines used. In RUES2 cells, clusters of FOXA2 + NKX2.1 − cells that stained weakly for the neural marker TUJ1 (Fig. 1d, arrows) , but not for PAX6 (data not shown), were observed, a phenotype suggestive of midbrain floorplate neuronal precursors 29 . Cultures of RUES2 cells (Fig. 1e ) and sviPSCs (data not shown) also contained islands of cells that were negative for NKX2.1, FOXA2, (Fig. 1e, arrows) , SOX2, TUJ1 and PAX6 (data not shown), but expressed the epithelial markers p63 (Fig. 1e , arrows) and EPCAM (data not shown). Their identity is unknown. In the mRNA iPSCs, contamination with PAX6 + neuronal cells was observed (data not shown).
We next examined which factors in the ventralization cocktail were essential. Removing BMP4 or WNT agonists reduced the numbers of NKX2.1 + cells, and blocking these pathways or removing retinoic acid ( Supplementary Fig. 1b ) virtually abolished generation of these cells (Fig. 2) . These data are consistent with mouse genetic models, where BMP on the one hand and retinoic acid and Wnt signaling on the other hand have nonredundant roles in dorsoventral patterning of the anterior foregut endoderm and lung bud specification, respectively 13, [16] [17] [18] 30 . However, removing either FGF10 (Fig. 2) , FGF7 ( Fig. 2) or both (data not shown), or inhibition of FGF signaling (data not shown) had no effect, suggesting that FGF signaling is dispensable in the human system in contrast to the mouse system.
Differentiation of NKX2.1 + FOXA2 + cells in vivo
To determine the in vivo differentiation potential of the NKX2.1 + FOXA2 + cells, we transplanted 10 6 day-15 RUES2 cells under the kidney capsule of immunodeficient NOD/SCID/Il2rg −/− (NSG) mice. After 6 months, we observed multiple macroscopic growths, which contained cystic and tubular structures (Fig. 3a) lined by a uniformly FOXA2 + SOX2 + NKX2.1 + (Fig. 3b) epithelium, which ranged from pseudostratified, containing cells consistent with basal, ciliated, Clara and goblet cells, to a monolayer consisting of flatter cells (Fig. 3a) . Glandular structures resembling submucosal glands were also present (Fig. 3a) .
All tested markers of mature lung and airway epithelial cells were detected. These included mucins (MUC1, MUC5AC, MUC2; goblet cells), FOXJ1 (ciliated cells), CC10 (Clara cells), p63 and nerve growth factor receptor (NGFR; basal cells) 31 , pro-SP-C, SP-C and SP-B (ATII cells) as well as AQP5, HOPX and PDN (ATI cells) (Fig. 3b) . These staining patterns were remarkably similar to those observed in fetal human lung (Supplementary Fig. 5 ) and adult human lung (Supplementary Fig. 3b ). The structures were surrounded by smooth muscle and cartilage, in addition to areas containing looser connective tissue (Fig. 3a) . All cells, including the mesodermal cells, were of human origin, as determined by staining with antibodies specific for human nuclei (Supplementary Fig. 6 ).
Together, these data indicate that day-15 cells in our protocol almost exclusively gave rise in vivo to lung and airway endoderm, in addition to mesodermal cells that adopted cell fates consistent with the mesodermal elements surrounding trachea and large airway. 
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Except for sporadic expression of MUC5AC (Fig. 4d) , other markers of respiratory epithelial cells were absent at day 25 (data not shown). At day 48, however, expression of all markers detected in growths arising after transplantation in NSG mice were observed ( Fig. 5a,b ; wholeculture tile scans shown in Fig. 5c and Supplementary Fig. 7 ; data from sviPSCs shown in Supplementary Fig. 8 ). In addition, we noticed that staining for the secreted mucins (MUC5AC (data not shown), Differentiation of NKX2.1 + FOXA2 + cells in vitro BMP4, FGF10, KGF, Wnt and retinoic acid are involved in the differentiation of respiratory epithelium [13] [14] [15] 17, [32] [33] [34] [35] [36] . However, upon initiation of branching morphogenesis in mouse embryos, retinoic acid signaling inhibits distal lung and favors proximal airway development 35, 36 . We have shown that removal of BMP4, the role of which is controversial and model-dependent 16, 32 , from the growth factor cocktail increased the expression of SFTPC mRNA (which is translated to SP-C), although pro-SP-C protein was not detected 5 . Therefore, we focused subsequent experiments mostly on cells cultured in the presence of the Wnt agonist CHIR99021, FGF10 and KGF (a condition designated CFK).
Day-15 lung-specified anterior foregut endoderm cells were replated after mild trypsinization, brief sedimentation and collection of larger cell clumps for replating (Fig. 4a) . Preliminary experiments indicated that these were depleted of P63 + FOXA2 − NKX2.1 − cells and of most neural elements, which were present in smaller aggregates in the supernatant (data not shown). In these cultures, cells grew as large colonies that were virtually entirely positive for FOXA2 (data not shown), NKX2.1 and SOX2 at day 25 (Fig. 4b,c) , and contained p63 + NKX2.1 + cells at the periphery (Fig. 4b,d) . In cells derived from sviPSCs, 86.8 ± 2.2% were FOXA2 + and 75.2 ± 2.9% were FOXA2 + NKX2.1 + , whereas in cells derived from mRNA iPSCs, 88.5 ± 1.0% were FOXA2 + , and 79.1 ± 1.7% were FOXA2 + NKX2.1 + (Supplementary Fig. 2 ). In cells derived from both iPSC lines, but not from RUES2 cells, contaminating neuronal cells were observed. Notably, whereas these were TUJ1 + PAX6 − in sviPSC-derived cells, a detectable number of PAX6 + cells were observed in the mRNA iPSC-derived cells (Supplementary Fig. 2 ). 
npg
A r t i c l e s MUC2 and MUC5B, Supplementary Fig. 9 ) and CC10 (Supplementary Fig. 9 ) extended outside cell boundaries as defined by EPCAM expression and occurred in structures that were discernable in bright-field microscopy. These findings suggest secretory activity of both goblet and Clara cells. The cells positive for PDN and AQP5 displayed flat, crescentshaped nuclei at the periphery of the cells (Fig. 5b, insets) , a morphology typical of ATI cells, whereas SP-B expression occurred in a punctate pattern, suggestive of lamellar bodies of ATII cells where surfactant accumulates (Fig. 5b, inset) .
Next, we examined the effect of adding dexamethasone, 8-bromo-cAMP and isobutylmethylxanthine (DCI) (Fig. 5a,c) , facday-15 differentiated ESCs 6 months after grafting under the kidney capsule of NSG mice (Fig. 3b) ; however, in native and cultured fetal human lung and in hPSCs differentiated in vitro ( Supplementary  Fig. 10b ), p63 + cells did not express NGFR. These findings suggest that NGFR expression on basal cells is developmentally regulated, and that hPSCs differentiated in vitro are more similar to fetal human lung than to adult human lung. TEM showed structures consistent with lamellar bodies of ATII cells and with multivesicular bodies, precursors of lamellar bodies, in both fetal human lung and differentiated hPSCs (Fig. 6a) . Together, these findings suggest that hPSCs differentiated into lung and airway are nearly indistinguishable from cultured fetal human lung.
To assess the function of the cells expressing SP-B, we examined their capacity to take up surfactant proteins, a distinguishing feature of ATII cells 39 . By flow cytometry, only 0.6 ± 0.1% of the cells showed detectable uptake of fluorescent BODIPY-labeled recombinant human SP-B at day 15, whereas at day 48, 17 ± 10% and 52 ± 6% showed uptake in the absence and presence of DCI (P = 0.04, n = 3), respectively (Fig. 6b) . The fact that functional ATII cells could be detected by flow cytometry also allows their further purification from the cultures. tors that induce alveolar maturation in fetal mouse lung explants and enhance surfactant protein expression in mouse ESC-derived lung progenitors 7, 37 . In the presence of DCI, SP-B + cells became the predominant cell type (Fig. 5c) . Furthermore, only under these conditions was expression of mature SP-C detected, although at a much lower frequency than SP-B (Fig. 5c) . More than 50% of the cells expressed SP-B, whereas the frequency of all other cell types ranged between 2% and 5% (n = 3). It has been shown in fetal rat lung explant cultures that SP-C expression is more responsive to mechanical stretch than is SP-B expression 38 , consistent with the lower SP-C expression in cultured cells. Addition of DCI at day 15 did not result in SP-B expression at day 25, however (data not shown). Most likely, the cells respond to DCI if and when they reach a differentiation stage that allows them to respond with increased surfactant production. Cell number increased 35-fold up to day 25, was similar in the presence or absence of DCI, and then plateaued (Fig. 5d) . These data attest to the high efficiency of this protocol and suggest cessation of cellular expansion coinciding with expression of lineage-specific epithelial markers.
As hPSC-derived cells are cultured on fibronectin-coated plastic, marker protein expression and cell morphology may differ from that observed in native lung tissue in vivo. Therefore, we cultured dissociated cultured fetal human lung under the same conditions (CHIR, FGF7, FGF10 and DCI) for 3 weeks. Both by immunofluorescence (Supplementary Fig. 10a ) and by transmission electron microscopy (TEM) (Fig. 6a) , cultured fetal human lung was very similar to differentiated hESCs. Notably, p63 + cells expressed NGFR, a marker of basal cells 31 , in adult human lung (Supplementary Fig. 10b ) and in npg A r t i c l e s Next, we monitored release of BODIPY-SP-B from the cells after addition of a cell-permeable analog of diacylglycerol (DAG), a surfactant secretagogue 40 . Addition of DAG caused a rapid decrease in BODIPY-SPB fluorescence, indicative of increased release (Supplementary Fig. 11 ). Together, these data indicate that the ATII cells generated in our cultures are functional, and that their maturation is enhanced by DCI.
We also cultured the cells from day 15 on in the presence of decellularized slices of human lung. Initially, NKX2.1 + p63 + cells were seen to be adhering to the matrix (Fig. 6c, i,ii) . Subsequently, cells overgrew the matrix slices and showed positive staining for SP-B (Fig. 6c,  iii,iv) and uptake of BODIPY-SP-B at day 48 (Fig. 6c, v) . The morphology of the BODIPY SP-B + cells was very similar to that seen using two-photon microscopy after uptake of BODIPY-SP-B in live mouse lung (Fig. 6c, vi) . These data show the ability of the NKX2.1 + p63 + cells to attach to native lung matrix, grow and express distinct functional properties of pulmonary cells, an important feature for potential applications in which lung progenitors are used to treat lung disease.
Finally, we confirmed our protein expression data by qPCR, using definitive endoderm and definitive endoderm differentiated into the hepatic lineage 41 as controls (Fig. 6d) . We observed early induction of mRNAs for distal markers without protein expression at day 15, when no protein expression is detected. These mRNAs subsequently disappear, and then reappear as the cells mature, this time accompanied by ample protein expression. It is possible that upon initial lung specification, several lung-specific genes are temporarily de-repressed and subsequently controlled in a lineage-specific fashion. Differentiation on human lung matrix or on plastic coated 
A r t i c l e s with fibronectin was similar in terms of mRNA expression of lung and airway markers. Furthermore, these experiments also confirmed that better distal lung differentiation is achieved in the absence of BMP4 and retinoic acid after lung field induction.
DISCUSSION
We report differentiation of hPSCs into lung field progenitors that can differentiate into at least six identifiable types of lung and airway cells in vivo and in vitro. Notably, a high degree of similarity was observed between in vitro-differentiated hPSC-derived cells and cultured fetal human lung, and between in vivo differentiated hPSC-derived lung field cells and adult human lung. The only endodermal cells detected after transplantation in NSG mice were lung and airway epithelial cells. However, a large mesodermal component consisting of smooth muscle, cartilage and loose connective tissues was present, despite the very high enrichment of lung field endoderm in the transplanted cells. These cells likely originated from small amounts of contaminating mesoderm. The fact that these mesodermal cells appeared to differentiate into the appropriate mesodermal elements surrounding the airways may suggest that pulmonary endoderm has an instructive role in the development of appropriate mesodermal elements in this model. The efficiency of our differentiation protocol and the nature of contaminating lineages varied across hPSC lines, a reflection of the well-documented variability in the lineage-specific differentiation potential of ESC 42 and iPSC 43, 44 lines. Among the ESC lines tested (RUES1, RUES2, H1, H9, HES2), HES2 and RUES2 were most efficient for anterior foregut endoderm induction. We focused on RUES2, as it is approved by the US National Institutes of Health. Furthermore, morphogen concentration and timing of culture stages may require optimization for each individual line. This notion is supported by our observation that the optimal timing of definitive endoderm dissociation is cell line-dependent and by the observation that ESC lines are heterogeneous with respect to Wnt signaling 45 .
Wong et al. 8 generated CFTR-expressing proximal airway cells from hiPSCs by exposing definitive endoderm to SHH and FGF2 to induce anterior foregut endoderm and by specifying lung progenitors through addition of FGF10, FGF7 and a low concentration of BMP4 (5 ng/ml), followed by air-liquid interphase culture. We systematically compared the anterior foregut endoderm and lung field induction protocols described in that study with ours, for the hPSC lines used here (Supplementary Fig. 12 ). Applying the anterior foregut endoderm induction protocol of Wong et al. 8 (SHH + FGF2) or ours (DSM/SB431542 before SB431542/IWP2), followed by lung field induction using the protocol of Wong et al. 8 yielded only sporadic NKX2.1 + cells. However, anterior foregut endoderm induction using SHH and FGF2, followed by our CFKB + RA lung field induction strategy yielded approximately 50% NKX2.1 + cells (Supplementary Fig. 12 ). Similar data were obtained using our sviPSCs (data not shown). Taken together, these data confirm that Wnt, BMP4 and retinoic acid are essential for efficient induction of lung progenitors from hPSCs (Fig. 2) . It is possible that the protocol of Wong et al. 8 is oriented toward the generation and selection of precursors of proximal airway cells in air-liquid interphase cultures, whereas our protocol generates a wider array of respiratory epithelium that is biased toward distal cells. The two protocols clearly provide alternative strategies to induce anterior foregut endoderm, suggesting that complex and hierarchical relationships between TGF-β, BMP, Wnt, SHH and FGF2 signaling in the specification of anterior foregut endoderm from definitive endoderm require further examination.
The ability to generate ATII cells from hPSCs will allow modeling of diseases such as congenital surfactant deficiency syndromes 39 . Furthermore, ATII cells have recently been identified as alveolar stem cells 46 and may be at the origin of lung adenocarcinoma 47 . As the current protocol yields most cell types of the respiratory system, it will allow studies of lineage determination and may help to address a central challenge in lung tissue engineering using autologous, iPSC-derived cells-generating sufficient numbers of cells with the variety and ratio of epithelial cells and their progenitors normally found in the lung.
METhODS
Methods and any associated references are available in the online version of the paper. analyzed using one-way analysis of variance followed by Dunnett's multiple comparison test. Results were shown as mean ± s.e.m., p values < 0.05 were considered statistically significant. Variances in all groups compared were similar.
For animal studies, no randomization was required. The investigator was not blinded to any group allocation. Animals showing signs of distress (weight loss >20%, inactivity, ruffled fur) are in principle euthanized. This did not occur in this study.
Isolation and culture of human fetal lung cells. Human fetal lungs (gestational age of 22-23 weeks) were purchased from Advanced Bioscience Resources (INC, Alameda, CA). The tissues were sliced into small pieces, homogenized and passed through 100 µM cell strainers. The resulting cell suspensions were treated with RBC lysis buffer (Affymetrix/eBioscience, San Diego, CA) for 5 min and washed twice with DPBS, suspended in SFD media containing CHIR99021, 3 µM; human FGF10, 10 ng/ml; human FGF7, 10 ng/ml onto 10-mm tissue culture dishes. The nonepithelial cells attached to the bottom of the dish within 24 h; small cell mass formed by epithelial cells appear as suspension in the media. 48 h later, the suspension epithelial cell mass was collected and plated onto new fibronectin-coated tissue culture plates or 35-mm culture dishes in SFD media containing CHIR99021, human FGF10 and human FGF7. We allowed the cell mass to attach for a few days. On day 6-post isolation, maturation components were added in SFD media in the presence of CHIR99021 human FGF10, and human FGF7. The cultures were maintained for an additional 21 days before being processed for immunofluorescence or electron microscopy.
Live cell imaging of fluorescent-SPB protein secretion in day-48 cultures.
For assaying the secretion of fluorescent-SP-B protein by day-48 cultures, the cells were incubated with BODIPY-SPB as described above; the cultures were counterstained with CellTrace calcein red-orange AM (Life Technologies) for 10 min. The baseline BODIPY-SPB fluorescence was imaged for 20 min with Zeiss LSM 510 confocal microscope; the cells was then incubated in 10 µM of a DAG analog, 1-oleoyl-2-acetyl-sn-glycerol (Sigma, cat# O6754) for 10 min. Cultures were rinsed with DPBS and imaged for another 20 min. The minus DAG controls were processed identically and imaged for the same length of time. The fluorescent intensity of chosen cells was analyzed with Metamorph (Molecular Devices, LLC. Sunnyvale, CA). 
